A mixed-ligand orotato (HOr) complex of Cu(II) with 2,2'-bipyridine (bipy) was synthesized and characterized by elemental analysis, magnetic susceptibility, UV-vis and FT-IR spectroscopy, TG / DTA techniques and X-ray diffraction analysis. X-Ray diffraction analysis has shown that the squarepyramidal five-coordinate copper atom is chelated by the deprotonated N3 pyrimidine atom and the carboxylate oxygen atom of the bidentate orotato dianion, and to the two nitrogen atoms of the 2,2'-bipyridine molecule. A water molecule is attached above the N 3 O plane. Thermal analyses showed that the title compound decomposes in two steps over the range 20 -1000 • C on heating in a static air atmosphere. Intermolecular hydrogen-bonds and π-ring interactions lead to the formation of a three-dimensional network.
Introduction
Orotic acid (1,2,3,6-tetrahydro-2,6-dioxo-4-pyrimidine carboxylic acid, vitamin B 13 , H 3 Or; Fig. 1a ) is a precursor in the biosynthesis of pyrimidine bases and nucleic acids in living organisms and has been widely exploited in medicine [1] . Its metal complexing properties are responsible for the successful application of orotato complexes in curing syndromes associated with deficiency of various metal ions. Some metal complexes of orotic acid display therapeutic properties and are used as drugs as well as for other purposes [2] . Moreover, platinum, palladium and nickel orotato complexes have been screened as therapeutic agents for cancer [3] . Besides its biological importance, orotic acid is an interesting ligand. Since it is potentially multidentate, the coordination may occur through the heterocyclic nitrogen atoms of the pyrimidine ring, the exocyclic carbonyl oxygen atoms, and the carboxylic group [2 -5] . The literature lists many reports on the coordinating preferences of the orotato moiety in metal complexes. It was found that in solutions with neutral or slightly acidic pH, metal ions are coordinated through the carboxylate group [2] . Bidentate binding through N3 and the carboxylate group was observed by several crystal structure determinations [6 -21] . Despite its polydentate nature only a few polymeric complexes of orotic acid have been observed. These 0932-0776 / 05 / 1100-1138 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com include Co(II) [4, 5, 10] , Co(III) [22] , Ni(II) [5, 22] , Cu(II) [23] and Mn(II) [3, 5] complexes in which it acts as a tridentate ligand and bridges metal-ions forming polymer chains. In some transition metal complexes, the orotate acts as a counter ion [24 -26] . We have recently synthesized first complexes of neutral orotic acid and characterized them by spectroscopic and thermal methods [27] .
The aim of this work was to prepare a new mixedligand orotato complex of Cu(II) with 2,2'-bipyridine (Fig. 1b) ligand in order to study further the complexation properties of orotic acid and undertake its crystal structure and spectrothermal analysis.
Results and Discussion
The molar conductance value of the title complex (Λ M = 21 Ω −1 cm 2 mol −1 ) indicated that [Cu(HOr)(H 2 O)(bipy)] is a non-electrolyte. The magnetic moment value of the complex is 1.40 BM corresponding to one unpaired electron.
UV-vis spectra
The electronic spectrum of an aquous solutions of [Cu(HOr)(H 2 O)(bipy)] is compatible with a distorted square-pyramidal configuration. The λ max value of the absorption band is at 740 nm and the corresponding ε value is 74.0 Lmol −1 cm −1 . The λ max value was assigned to the a 1 → b 1 d-d transition [28] .
IR spectra
The stretching mode of coordinated water in [Cu(HOr)(H 2 O)(bipy)] appears at 3385 cm −1 , similar to data for the [Mn(HOr)(bipy)(H 2 O)] complex [5] . The most common coordination mode of orotic acid was observed for the bidentate form after deprotonation of both the N (3) H and the carboxylate group. In the IR spectrum, the O-H vibration of the carboxyl group, which was observed for the free orotic acid at 2500 cm −1 , has disappeared. The N (3) H vibration bands which appear at 3170, 1431 cm −1 for the free orotic acid are not observed in the complex. The carbonyl groups give rise to two main peaks at 1700 cm −1 [ν C=O(acid) + ν C(2)=O ] and 1660 cm −1 [ν C(6)=O + ν C=C ] for the free H 3 Or [2] . The carbonyl stretching modes in the title complex were observed at 1667 and 1647 cm −1 .
Thermal analysis
The thermal decomposition of the title complex, [Cu(HOr)(H 2 O)(bipy)], presented in Fig. 2 , is welldefined, consisting of two stages. In the first step, dehydration of the complex occurs in the temperature interval 88 -177 • C. Release of the coordinated water gives Fig. 3 and the crystallographic data are summarized in Table 1 . Table 2 and 3 list bond lengths and angles and hydrogen-bonding geometries. The Cu ion is coordinated to the N2 and N4 atoms of 2,2'-bipyridine, the Fig. 3 . A view of the copper coordination, with the atom labeling scheme. Displacement ellipsoids are drawn at the 50% probability level. (Table 3. ) and π-ring interactions (Fig. 4) . The C7-H7. . . CgA (CgA with symmetry code: 1 − x, −y, 1 − z is the centroid of N4, C11-C15) π-ring contact distance and angle are 3.345(5)Å and 87.36 • , respectively. The same parameters for the C9-H9. . . CgB Table 2 . Selected bond lengths (Å) and bond angles ( • ).
Cu (1)-N(3) 1.934 (3) Cu (1) 
(CgB with symmetry code: 2 − x, −y, 1 − z is the centroid of N1, C2, N3, C1, C4, C3) π-ring interaction are 3.370(4)Å and 90.54 • .
Experimental Section

Materials and instrumentation
All chemicals used were analytical reagent products. Elemental analysis for C, H, and N was carried out at the TÜBİTAK Marmara Research Centre in Turkey. Conductivity was measured by using a Crison conductimeter, model 522. Magnetic susceptibility measurement at room temperature was performed using a Sherwood Scientific MXI model Gouy magnetic balance. The UV-vis spectrum was obtained from the aqueous solution (10 −3 M) of the title complex with a Unicam UV2 spectrometer in the range of 900 -190 nm. The IR spectrum was recorded in the 4000 − 200 cm −1 region with a Mattson 1000 FT IR spec-trometer using KBr pellets. A Rigaku TG8110 thermal analyzer was used to record TG, DTG and DTA curves in static air atmosphere at a heating rate of 10 K min −1 in the temperature range of 20 -1000 • C using platinum crucibles. Highly sintered α-Al 2 O 3 was used as a reference, and the DTG sensitivity was 0.05 mg s −1 .
Data collection was performed on a STOE IPDSII image plate detector using Mo-K α radiation (λ = 0.71073Å). Intensity data were collected in the θ range 1.88 -28.96 • at 296 K. Details of crystal structures are given in Table 1 . Data collection: Stoe X-AREA [29] . Cell refinement: Stoe X-AREA [29] . Data reduction: Stoe X-RED [29] . The structure was solved by direct methods using SIR97 [30] and anisotropic displacement parameters were applied to nonhydrogen atoms in a full-matrix least-squares refinement based on F 2 using SHELXL-97 [31] . All hydrogen atoms except those bound to O5 were positioned geometrically and refined by a riding model with U iso 1.2 times that of the attached atom. Molecular drawings were obtained using ORTEP-III [32] .
Synthesis of [Cu(HOr)(H 2 O)(bipy)]
The complex [Cu(HOr)(H 2 O) 4 ]·H 2 O, was prepared by the method reported earlier [7, 8] 
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